T he divalent cation calcium (Ca 2+ ) acts as an intracellular signal that controls a vast array of cellular processes that occur rapidly (such as secretory and contractile events) as well as on longer time scales (transcription, growth, and cell division) (1) . In response to certain extracellular stimuli, the concentration of intracellular calcium rises, endures, and falls in patterns that affect specific signaling pathways. Ca 2+ can enter the cytoplasm from two locations-outside the cell and from the endoplasmic reticulum (ER), an organelle that serves as the cell's calcium storage facility. Understanding how this influx of Ca 2+ is managed has centered on characterizing the facilitating ion channels. As reported by Dellis et al. (2) on page 229 of this issue and in other recent work (3-7), two very distinct plasma membrane channels mediate Ca 2+ entry. And a fascinating gating mechanism of one of these channels represents a new paradigm in intraorganelle communication.
Upon activation by ligands, certain cell surface receptors trigger phospholipase C enzymes to generate inositol 1,4,5-trisphosphate (IP 3 ). Considered a "second messenger" in transducing the signal elicited by the stimulus, IP 3 interacts with IP 3 receptors situated in the ER membrane. IP 3 receptors are well-established channels that permit the rapid release of Ca 2+ from the ER, giving a fast initial rise in cytoplasmic Ca 2+ concentration (8) . But Ca 2+ signals induced by cell surface receptors also have a second component: After rapid release of Ca 2+ , a slower and more enduring entry of Ca 2+ into the cytoplasm occurs, providing longer term Ca 2+ signals (9) . This latter Ca 2+ entry process has been a mechanistic mystery. However, its understanding has received an enormous boost. Dellis et al. now show that one of the channels situated in the plasma membrane that facilitates this slow Ca 2+ entry is the IP 3 receptor itself and its additional presence at the cell surface provides a remarkable new twist to understanding Ca 2+ signaling events. Another cell surface Ca 2+ channel that allows a slower influx is a hitherto unknown protein named Orai1 (or CRACM1). It is a tetraspanning channel whose gating involves the sensing of Ca 2+ inside the ER (3-7).
The IP 3 receptor is a largeconductance, somewhat nonselective, cation channel whose opening is gated by specific binding of IP 3 molecules (8) . Whereas its function to release Ca 2+ from the ER is clearly established, its presence in the plasma membrane has long been the subject of speculation. Dellis et al. provide the first clear electrophysiological evidence for its operation in the plasma membrane. The authors engineered subtle mutations in the pore of the channel to pinpoint conductance across the plasma membrane. They also introduced a binding site for α-bungarotoxin, allowing pharmacological manipulation of channel activity from outside the cell. Although the vast majority of IP 3 receptors (>99%) are indeed within the ER, the new study reveals that cells allow just one or two of these channels to operate in the plasma membrane. Even huge overexpression of the IP 3 receptor does not increase appearance in the plasma membrane. This finding suggests that cells can "count" and accurately maintain just a very few IP 3 receptors at the cell surface. Strangely, although IP 3 is generated at the plasma membrane, the activation of IP 3 recep- Receptor-mediated Ca 2+ entry pathways. Binding of ligand to receptor at the cell surface activates phospholipase C-β via a G protein, producing IP 3 in the cytosol. IP 3 activates IP 3 receptors (IP 3 R) in the endoplasmic reticulum (ER) and in the plasma membrane. Ca 2+ release from the ER causes the Ca 2+ -sensing STIM1 protein to aggregate in areas close to the plasma membrane and to interact with Orai1 in the plasma membrane, which is believed to be the store-operated channel. Many thousands of Orai1 channels are distributed across the plasma membrane, allowing substantial Ca 2+ to "trickle" in all around the cell. In contrast, a few cell surface IP 3 receptors may allow Ca 2+ to enter as a "torrent" at discrete points on the plasma membrane tors in the plasma membrane is slow. Application of intracellular IP 3 takes several minutes to activate plasma membrane IP 3 receptors; yet activation of Ca 2+ release through ER IP 3 receptors is within a few seconds. Could this reflect a time-dependent insertion of IP 3 receptors into the plasma membrane or perhaps their timedependent activation? Application of adenophostin, a nonmetabolizable, high-affinity IP 3 receptor agonist, gave a much faster effect, suggesting instead that some change in the metabolism of IP 3 occurs in the vicinity of the plasma membrane IP 3 receptors. This implies local regulation of IP 3 concentrations to control opening of these channels.
Ca 2+ entry at the cell surface mediated by IP 3 receptors contrasts dramatically with another Ca 2+ entry process occurring almost universally among cell types, known as "store-operated" Ca 2+ entry (9, 10) . Ca 2+ stores have a finite release capacity, and activation of ER IP 3 receptors causes rapid Ca 2+ store depletion. The decrease in luminal Ca 2+ triggers store-operated channels (SOCs) present in the plasma membrane, which mediate the exceedingly Ca 2+ -selective Ca 2+ release-activated Ca 2+ current (I CRAC ) observable in many cell types (10) . Yet the identity of these channels, and the coupling process between the ER and the plasma membrane that triggers their activation, have eluded understanding. Novel high-throughput screens recently identified the single transmembrane-spanning ER protein STIM1 as the likely sensor of Ca 2+ in the ER by virtue of its luminal-facing EF-hand domain, which binds to Ca 2+ (11) (12) (13) (14) (15) .
But STIM1 is not the only essential protein. New studies show that the Orai1 protein is also crucial for SOC activation (3, 4, 7) . This revelation came from a combination of elegant studies including genome-wide RNA interference screening and modified linkage analysis identifying an Orai1 mutation as the cause of severe combined immune deficiency. T cells of the immune system in such patients have ablated Ca 2+ entry which can be restored by Orai1 expression (3). Dramatically, coexpression of both Orai1 and STIM1 in any cell reconstitutes store-dependent coupling and I CRAC function that is almost indistinguishable from that in normal T cells (5-7). Orai1 is expressed in the plasma membrane, and it seems certain to constitute the channel moiety itself. The structure of Orai1 does not appear to be a "typical" cation channel. For example, the IP 3 receptor has six transmembrane domains with a pore-forming loop between transmembrane segments 5 and 6, and exists as a tetramer. But the function of SOCs is itself rather unusual -highly inwardly rectifying, non-voltage-gated, and with a very small but exceedingly selective Ca 2+ conductance. So the atypical structure of Orai1 may not be so surprising.
Whereas the IP 3 receptor and Orai1 both mediate receptor-induced Ca 2+ entry signals, the function, appearance, and physiological significance of the two proteins provide some sharp distinctions (see the figure) . The IP 3 receptor has a large single-channel conductance (in the 200-pS range under normal physiological conditions), and although its relative ion nonselectivity would predominantly facilitate Na + ion movement, substantial Ca 2+ entry is predicted even though cells express only one or two in the plasma membrane (2) . In contrast, Orai1-mediated I CRAC has an estimated single-channel conductance at or below 1 pS (16) . However, the high Ca 2+ selectivity of Orai1 and the likely presence of thousands of these channels per cell predict an even larger entry of Ca 2+ than through the IP 3 receptors. The scenario described by Dellis et al. is a torrent of Ca 2+ through just one or two isolated IP 3 receptors in the plasma membrane, as opposed to a more evenly distributed trickle of Ca 2+ through the many Orai1 channels across the cell surface. This may have profound consequences for Ca 2+ signaling events in cells.
Certainly, uncovering the molecular identity of the Ca 2+ entry machinery at the cell surface has crucial importance for pharmacological targeting to control cellular signaling. It would be premature to generalize about the universality of plasma membrane IP 3 receptors, because so far their function has been observed only in B cells of the immune system (2) . However, the function and wide cellular distribution of the three mammalian Orai gene products and their ancillary coupling machinery, including the two mammalian STIM proteins, indicates that this process may have broad functional significance in the mediation of Ca 2+ signal generation in many cell types. A ccording to Plato, necessity is the mother of invention. Scientists and engineers working on small-scale mechanical devices may be relieved to find this idea starting to take effect at the nanometer scale. There is a critical need to control the effect of friction at this scale, and in this issue, two groups (1, 2) provide independent and precise means of doing just that.
Control of tribological interactions-friction, adhesion, and wear-is desirable at all length scales. Estimated annual expenses attributable to friction and wear across the U.S. economy run up to hundreds of billions of dollars (3). But researchers working on small-scale devices such as micro-and nanoelectromechanical systems (MEMS/NEMS) are not even counting dollars yet. Devices with sliding interfaces, such as certain actuators, positioning devices, and microgears, cannot be commercialized because the surfaces of these devices wear out and seize too rapidly (4) .
In these small-scale devices, many or even most atoms reside at surface and interface sites (rather than in the bulk of the material). Surface forces such as friction and adhesion therefore dominate over the available actuation and restoring forces; furthermore, the high friction and adhesiveness of silicon (a common MEMS material), coupled with its brittle nature, lead to high rates of wear and debris generation. Surface treatments, such as self-assembled monolayers, can overcome the adhesion problem and reduce friction, but wear persists, and device lifetimes and reliability remain inadequate (5) .
On page 207 of this issue, Socoliuc et al. (1) show that friction can be reduced more than 100-fold in a nanometer-scale contact by
